This study aimed to compare the degree of gastric food stasis and following body fat changes after laparoscopic subtotal gastrectomy (LSTG) versus open subtotal gastrectomy (OSTG). Materials and Methods: For 284 consecutive gastric cancer patients who underwent subtotal gastrectomy (213 LSTG and 71 OSTG), the one-year follow-up CT images were reviewed retrospectively. The characteristics of gastric stasis was divided into 5 degrees (0, no residue; 1, small secretion; 2, poorly-defined amorphous food; 3, well-delineated measurable food; 4, bezoar-like food). The residual food volume was calculated for the patients with degree 3 or 4 gastric stasis. Postoperative visceral, subcutaneous, and total fat changes were measured on CT and were correlated with the residual food volume. Results: The LSTG group showed higher degrees of gastric stasis [degree 3 (LSTG, 15.0%; OSTG, 9.9%), degree 4 (LSTG, 6.5%; OSTG, 2.8%)] (p = 0.072). The mean residual food volume of the LSTG group was larger than that of the OSTG group (13779 cc versus 6295 cc) (p = 0.059). Postoperative abdominal fat change was not significantly different between the 2 groups and was not correlated with the residual food volume. Conclusion: LSTG tends to develop gastric stasis more frequently compared with OSTG, but gastric stasis might hardly affect the postoperative body fat status.
INTRODUCTION
Gastric food stasis has been well known as one of the frequently developed late complications after subtotal gastrectomy in patients with gastric cancer (1) (2) (3) (4) (5) . Although the clinical significance of gastric food stasis is under debate, several reports have stated that the gastric bezoar may cause several clinical symptoms, such as epigastric fullness, regurgitation, or even weight loss (1, 2, 4, 5) . Furthermore, it can interfere with the complete observation of the remnant stomach and delay the detection of cancer recurrence and can as a carcinogenic substance due to longer stasis of gastric residue (1, 2, 6).
There have been several endoscopic surveillance for the incidence, risk factors, and management of gastric food stasis after gastric surgery (1, 2, (6) (7) (8) . However, to our knowledge, there have been no studies on the detailed evaluation of frequency, characteristics, or volume of gastric food residue and its effect on the body fat changes on the follow-up CT in the patients with subtotal gastrectomy. Meanwhile, we presumed that there would be some differences in the gastric food stasis depending ceived a follow-up abdomen-pelvis CT every 6 months within the postoperative one year period and then on an annual basis.
The mean duration between the operation and the second follow-up was 12.2 (± 1.9) months. Single-phase (portal venous) contrast enhanced CT was performed with a 16- The gastric residual food characteristics and volume were evaluated on the one-year follow-up abdomen-pelvis CT in all the patients by two radiologists (an attending radiologist with 20-year experience of abdominal imaging and a senior radiology resident with 3-year experience). The characteristics of gastric food residue were divided into 5 degrees (0, no residual food; 1, only small amount of radiolucent secretion; 2, poorly defined amorphous food materials; 3, well-delineated measurable food materials; 4, bezoar-like solid food materials) (Fig. 1) . The amount of residual food was calculated by the following ellipsoid volume formula for the patients with grade 3 and 4 stasis, The aims of this study were to compare the incidence and degree of food stasis in the remnant stomach after LSTG versus OSTG, and to investigate if gastric food residue could affect the patients' body habitus on the long-term follow-up multidetector CT (MDCT).
MATERIALS AND METHODS

Patients
We obtained approval for this study from the institutional review board at our hospital, and the requirement for informed consent from individual patients was waived. On a retrospective basis, we collected data from the records of 438 patients diagnosed consecutively with gastric cancer and who had undergone a curative radical subtotal gastrectomy, either by laparoscopic 
Surgical Procedures
The choice of the laparoscopic approach was based on the pre- 
Statistical Analysis
All statistical analyses were performed using SAS version 9 (SAS Institute, Cary, NC, USA). We used the t-test, chi square and A. Degree 1, only small amount of radiolucent mucosal secretion that seems to be just minimal air bubbles (arrowheads) without solid component floating on the fluid. B. Degree 2, poorly defined amorphous food materials that seems to be scattered in the fluid or mixed with the fluid (arrowheads). C. Degree 3, well-delineated measurable food materials that seems to be definite internal solid attenuation with visible boundary (arrowheads). D. Degree 4, bezoar-like solid food materials that seems to be well-formed with mottled gas densities (arrowheads).
Fig. 2.
Abdominal visceral fat (VF) and subcutaneous fat (SF) measurement at the umbilicus level on abdomen cross-sectional CT using Aquarius workstation (TeraRecon, Inc., San Mateo, CA, USA). The VF area (green color) and the SF area (blue color) were automatically calculated by measuring the pixels with the attenuation range from -190 to -30 HU. The total fat area was calculated by adding VF area and SF area.
tween the LSTG and OSTG groups are shown in Table 1 
RESULTS
The comparison of the clinicopathological characteristics be- The LSTG group showed higher frequency of residual food regardless of the degree of stasis (Fig. 3) . Although the influence of the operation approach on the gastric residual food characters was not statistically significant (p = 0.072) on the logistic regression analysis ( LSTG have been widely acclaimed as a feasible procedure for gastric cancer in the aspect of technical safety and oncological efficacy (11) (12) (13) (14) (15) (16) . In spite of the merits of LSTG, our study results showed that LSTG caused higher incidence of postopera- We could assume that the gastrojejunostomy at the dependent portion of the remnant stomach encourages food passage after
Billroth II reconstruction regardless of the remnant stomach volume. It was mentioned by Behrns and Sarr (10) that postoperative gastric emptying might be more dependent on the restored gastrointestinal continuity rather than on the extent of There were several potential limitations of our study. First of all, although there was a tendency that LSTG caused more postoperative gastric food stasis, we could get just marginal statistical difference in both characteristics and volume of gastric food residue between both groups, which might be related to the limited size of the study population. In an additional statistical calculation, the required population size was 553 and 112
19. Adams JF. The clinical and metabolic consequences of togastric volume on CT because of the fact that the stomach is not a fixed solid organ, and further investigations would be needed for the gastric volume measurement.
In conclusion, compared with OSTG, LSTG tends to develop gastric stasis more frequently without discernable differences in postoperative body fat changes between the 2 different surgical approaches. Although the implication of a higher incidence of gastric food stasis in the patients after LSTG seems not so obvious in the present study, any effort to reduce the food stasis after subtotal gastrectomy, especially LSTG, should not be neglected to reduce the pre-established problems that include a limited field of view for endoscopy and the carcinogenic potential.
